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On-device Ranking for Displaying Suggestions 
ABSTRACT 
An important capability of mobile device operating systems and/or virtual assistants is to 
provide contextually appropriate suggestions that enable users to perform quick actions such as 
obtain navigation guidance, start media playback, listen and respond to messages, etc. Devices 
such as vehicle infotainment consoles include additional contextual information, e.g., fuel gauge 
level, driving stage, etc. that can be important when determining suggestions that are provided 
via such consoles. This disclosure describes on-device ranking of candidate suggestions to 
deliver the top ranking suggestions via the vehicle infotainment console. With user permission, 
the ranking can be based on relevant contextual factors, e.g., driving stage, available locally to 
the infotainment console. Selective display of suggestions improves the user experience of 
interacting with suggestions provided via such consoles. 
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BACKGROUND 
Mobile devices include features, e.g., as part of their operating system or a virtual 
assistant, to provide suggestions for contextually appropriate actions. For instance, such 
suggestions can be presented as notifications that can be tapped or acted upon by providing voice 
input to the virtual assistant. Invoking a suggestion results in execution of the corresponding 
action. For example, tapping on a suggestion to navigate to a restaurant can bring up a mapping 
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application with directions from the user’s current location to the restaurant. Generation and 
ranking of the suggestions can happen on device, or with user permission, can be performed on a 
server that generates and transmits the suggestions to the device over a network. In certain 
instances, e.g., when generation of suggestions utilizes context data that is restricted to the 
device, the generation is performed on-device, without use of the server such that local context 
data does not leave the device. Some examples of context data include call logs, contact 
information, etc.  
In addition to mobile devices, virtual assistant capabilities can be provided via control 
and infotainment consoles installed in vehicles. Similar to mobile devices, the displays of such 
consoles can provide users with contextual on-device suggestions. However, the suggestion 
generation and ranking operation suitable for mobile devices, such as smartphones, is not 
designed to support the unique contextual requirements that can arise in vehicle operation and at 
different stages of a drive from a source to a destination. For instance, suggestion-ranking for 
vehicles needs to take into the states of various vehicle status indicators, such as “low fuel” or 
“low battery.” Moreover, a vehicle may not always be at a location with network connectivity 
sufficiently reliable for relying on cloud-based suggestion generation and ranking. 
DESCRIPTION 
This disclosure describes enhancements in user interface (UI) and user experience (UX) 
based on ranking delivering contextual action suggestions prior to delivery to a device screen, 
implemented with user permission. The enhancements can be implemented to support vehicle 
infotainment consoles. If users permit, contextually relevant suggestions for various actions are 
generated locally and/or remotely on the cloud. The collection of locally and/or remotely 
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generated suggestions is then ranked locally on the device, with the top ranking (e.g., top 2, top 
3, top K) suggestions shown to the user on the vehicle’s infotainment display. 
With user permission, on-device ranking is performed taking into account various types 
of available contextual information, such as vehicle state, app use, user data, display status, etc. 
If users permit, the set of candidate suggestions is scored based on pre-calculated weights related 
to the contextual information and relevance metrics. The weights are based on heuristics that 
capture the relative importance of the various contextual factors and/or relevance metrics 
contained within suggested actions. Each candidate suggestion is scored using the weights to 
generate a list of suggestions, ranked according to the total score. The top K suggestions in the 
ranked list are then shown to the user. The user can then perform the corresponding actions with 
a single tap on the suggestion displayed within the UI or via voice or other input. 
Fig. 1: Presenting top-ranked contextual suggestions based on on-device ranking 
4
Aggarwal et al.: On-device Ranking for Displaying Suggestions
Published by Technical Disclosure Commons, 2021
Fig. 1 shows an example of operational implementation of the techniques described in 
this disclosure. A user (102) enters their car (106) in the morning and is about to start driving to 
work. With the user’s permission, the infotainment console (104) in the car is used to display the 
top suggestions (108) appropriate to the user’s context.  
The displayed suggestions are selected by a local ranking module (110) based on scoring 
the relevance of the collection of suggestions generated on the device (112) and if the user has 
enabled server-based suggestion generation, obtained from the server (116). If the user permits, 
the determination of relevance is performed taking into account static and dynamic contextual 
information (114) regarding various factors, such as user preferences and practices, vehicle status 
and characteristics, application features and usage, etc. 
With user permission, the ranking operation described above can be based on the current 
driving status categorized into one of the following stages: 
● Pre-drive: Before the user has entered the car or embarked on a drive. 
● Start of drive: When the user is in the car but has not yet started moving. 
● During drive: The user is driving from a source to a destination. 
● End of drive: At the conclusion of a drive while the user is still in the car. 
The weights for the relevance and importance of various contextual information and 
suggestion metrics can be different based on the driving status. For instance, suggestions to start 
navigating to a destination are more relevant at the start of a drive while suggestions to read 
aloud incoming text or email messages, or to send a response are likely to be more useful while 
driving. 
If the user permits, the suggestion ranking can be personalized to the user’s specific 
preferences and practices based on information obtained from the user’s account. For instance, 
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with permission, the weights assigned to rank relevance can be used to capture various factors 
related to the features contained within the suggestions, such as: 
● Feature exposure: User awareness of the specific application capability. 
● Return rate: The last time the feature was shown within a suggestion. 
● Past interactions: The frequency and success of interactions with past suggestions that 
included the feature. 
● Event triggers: Occurrence of a triggering event, such as update in the driving time 
because of changes in traffic conditions, receipt of a text message, reminder of an 
upcoming meeting, etc. 
With user permission, the weights can be arranged and applied in multiple stages, each 
scoring a different contextual aspect or metric, such as drive status, user personalization, 
application features contained within the suggestions, etc. The scores for each stage can be 
combined to generate a final score for each candidate suggestion. The suggestions are then 
ranked in decreasing order of the total score, with ties broken by random ordering. If pre-
calculated, weights are normalized between 0 and 1 and can be updated as necessary. The 
number of generated suggestions N and displayed ranked suggestions K can be set by the 
developers and/or specified by the users and/or determined at runtime. 
The techniques described in this disclosure can be used to rank suggestions generated 
locally on the device as well as obtained from a cloud server (which generates suggestions based 
on user-permitted data available to it). If users permit, the obtained server-generated suggestions 
that are not shown at a given time before of low relevance can be surfaced to the user at a later 
time when contextually relevant, without requiring additional requests to the server. Minimizing 
or eliminating the requests to obtain suggestions from the cloud ensures that user data does not 
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leave the device. Moreover, such an operation enables the described techniques to operate even 
when a vehicle that includes the infotainment system, or other device that is used to display the 
suggestions is in areas with limited to no network connectivity. 
The use of weights to rank suggestions as described above can be based on heuristics that 
capture and encode rules typically applicable to various contextual situations. Alternatively, or in 
addition, the described techniques ranking the suggestions can be performed via suitably trained 
machine learning models. Model training in such cases is performed on device, or with the user-
permitted information that is available to a server that is utilized to train the model. 
With user permission, the techniques can be implemented within any device, application, 
or service designed for use as part of a vehicle’s infotainment console, or other device on which 
contextual suggestions are provided. One or more of the functionalities as described above can 
be made accessible to third parties via appropriate mechanisms, such as an application 
programming interface (API). For instance, if users permit, media providers can be included in 
ranking suggestions related to media content. Additionally, with user permission, the techniques 
can be implemented within other devices such as smartphones, tablets, etc. that provide virtual 
assistant capabilities. 
Ranking and providing the top K suggestions can improve user engagement with various 
application features and help surface features users might not have discovered otherwise. It can 
also improve the user experience (UX) of interacting with vehicle infotainment consoles by 
providing single tap access to perform actions that would otherwise require multiple interaction 
steps (e.g., app navigation or browsing steps) to locate and invoke the requisite actions within 
specific applications. The enhanced UX enables users to act on suggestions with reduced or no 
interaction burden, suitable for context such as vehicles. 
7
Defensive Publications Series, Art. 4161 [2021]
https://www.tdcommons.org/dpubs_series/4161
Further to the descriptions above, a user may be provided with controls allowing the user 
to make an election as to both if and when systems, programs or features described herein may 
enable collection of user information (e.g., information about a user’s social network, social 
actions or activities, profession, a user’s preferences, or a user’s current location), and if the user 
is sent content or communications from a server. In addition, certain data may be treated in one 
or more ways before it is stored or used, so that personally identifiable information is removed. 
For example, a user’s identity may be treated so that no personally identifiable information can 
be determined for the user, or a user’s geographic location may be generalized where location 
information is obtained (such as to a city, ZIP code, or state level), so that a particular location of 
a user cannot be determined. Thus, the user may have control over what information is collected 
about the user, how that information is used, and what information is provided to the user. 
CONCLUSION 
An important capability of mobile device operating systems and/or virtual assistants is to 
provide contextually appropriate suggestions that enable users to perform quick actions such as 
obtain navigation guidance, start media playback, listen and respond to messages, etc. Devices 
such as vehicle infotainment consoles include additional contextual information, e.g., fuel gauge 
level, driving stage, etc. that can be important when determining suggestions that are provided 
via such consoles. This disclosure describes on-device ranking of candidate suggestions to 
deliver the top ranking suggestions via the vehicle infotainment console. With user permission, 
the ranking can be based on relevant contextual factors, e.g., driving stage, available locally to 
the infotainment console. Selective display of suggestions improves the user experience of 
interacting with suggestions provided via such consoles. 
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